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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
integrator of wavefront splitting type which enables to 
obtain a uniform illuminance distribution over almost the 
whole of illuminated field which is formed even when the 
sizes of respective micro lenses are made small and the 
number of wavefront splitting is set in large numbers. 
SOLUTION: This optical integrator of wave front splitting, 
type has a large number of micro lenses which are 
arranged two-dimensionally, wavefront-splits an incident 
luminous flux and forms a large number of light sources. 
Each micro lens has a regularly hexagonal incident face 
which inscribes with a circle of diameter d and a 
regularly hexagonal emission face which inscribes with 
the circle of diameter d and, when the focal distance of 
each micro lens is f and the wavelength of the incident 
luminous flux is X, the condition of (d/2)2/(Xf)>3.05 is 
satisfied. 
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(54) OPTICAL INTEGRATOR OF WAVEFRONT SPLITTING TYPE AND ILLUMINATING 
DEVICE PROVIDED WITH THE OPTICAL INTEGRATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical integrator 
of wavefront splitting type which enables to obtain a uniform 
illuminance distribution over almost the whole of illuminated 
field which is formed even when the sizes of respective 
micro lenses are made small and the number of wavefront 
splitting is set in large numbers. 

SOLUTION: This optical integrator of wave front splitting 
type has a large number of micro lenses which are arranged 
two-dimensionally, wavefront-splits an incident luminous 
flux and forms a large number of light sources. Each micro 
lens has a regularly hexagonal incident face which inscribes 
with a circle of diameter d and a regularly hexagonal 
emission face which inscribes with the circle of diameter d 
and, when the focal distance of each micro lens is f and the 
wavelength of the incident luminous flux is X, the condition 
of (d/2)2/a.f)>3.05 is satisfied. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the optical integrator of the wavefront-splitting mold which has the microlens of a large 
number arranged two-dimensional, carries out wavefront splitting of the incoming beams, and forms 
much light sources each microlens Have rectangle-like plane of incidence and a rectangle-like injection 
side, and the focal distance of each microlens is set to f. Set the die length of one side of the plane of 
incidence of each microlens to dl, and the die length of the side of another side of the plane of incidence 
of each microlens is set to d2. When setting the die length of the side corresponding to one side of said 
plane of incidence to Dl in the injection side of each microlens, setting the die length of the side 
corresponding to the side of another side of said plane of incidence to D2 in the injection side of each 
microlens and setting wavelength of said incoming beams to lambda, (dl/2) The optical integrator 
characterized by satisfying at least one side of the conditions of /(lambda- f) >=3.05 (d2/2) (D 2/2) / 
(lambda-f) >=3.05 (D 1/2). 

[Claim 2] The die length dl of one side of said plane of incidence is an optical integrator according to 
claim 1 characterized by being more substantially [ than the die length d2 of the side of another side of 
said plane of incidence ] large, and satisfying the conditions of /(D (dl/2) 1/2) (lambda-f) >=3.05. 
[Claim 3] In the optical integrator of the wavefront-splitting mold which has the microlens of a large 
number arranged two-dimensional, carries out wavefront splitting of the incoming beams, and forms 
much light sources each microlens Have the injection side of the shape of rectangle-like plane of 
incidence and a circle configuration, or a forward hexagon, and the focal distance of each microlens is 
set to f. Set the die length of one side of the plane of incidence of each microlens to dl, and the die 
length of the side of another side of the plane of incidence of each microlens is set to d2. When setting to 
D the diameter of circle circumscribed to the diameter of the injection side of the circle configuration of 
each microlens, or a forward hexagon-like injection side and setting wavelength of said incoming beams 
to lambda, (dl/2) The optical integrator characterized by satisfying at least one side of the conditions of / 
(lambda-f) >=3.05 {6212) (D/2) / (lambda-f) >=3.05 (D/2). 

[Claim 4] The die length dl of one side of said plane of incidence is an optical integrator according to 
claim 3 characterized by being more substantially [ than the die length d2 of the side of another side of 
said plane of incidence ] large, and satisfying the conditions of /(D (dl/2)/2) (lambda-f) >=3.05. 
[Claim 5] In the optical integrator of the wavefront-splitting mold which has the microlens of a large 
number arranged two-dimensional, carries out wavefront splitting of the incoming beams, and forms 
much light sources each microlens The plane of incidence of the shape of a forward hexagon by which 
the circle configuration or diameter of d is inscribed in the circle of d by the diameter, And the optical 
integrator characterized by satisfying the conditions of 2(d/2)/(lambda-f) >=3.05 when a diameter has 
the forward hexagon-like injection side where the circle configuration or diameter of d is inscribed in the 
circle of d, sets the focal distance of each microlens to f and sets wavelength of said incoming beams to 
lambda. 

[Claim 6] Illumination-light study equipment characterized by equipping claim 1 for forming much light 
sources based on the flux of light from the light source means and said light source means for supplying 
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the flux of light thru/or any^^rm of 5 with the optical integrator of a jx^cation, and the light guide 
optical system for leading the flux of light from the light source of said large number to said irradiated 
plane. 

[Claim 7] The capacitor optical system for said light guide optical system condensing the flux of light 
from the light source of said large number, and forming a radiation field in superposition, It has the 
image formation optical system for forming the image of said radiation field in said irradiated plane 
based on the flux of light from said radiation field. Illumination-light study equipment according to 
claim 6 characterized by preparing the aperture diaphragm for interrupting the unnecessary flux of light 
in the formation location of the light source of said large number, and the location [****/ optical 
almost ] into the optical path of said image formation optical system. 

[Claim 8] In the illumination-light study equipment combined with the aligner equipped with the 
projection optics which forms the image of the pattern on the mask arranged at the irradiated plane on a 
photosensitive substrate While forming much light sources based on the flux of light from a light source 
means to supply the flux of light, and said light source means An a large number flux of light 
superposition means to form the radiation field which is a field on the predetermined side where it was 
superimposed on the flux of light from the light source of these large number, It is illumination-light 
study equipment which is equipped with the lighting image formation optical system which forms the 
image of said radiation field said mask top or near [ said ] the mask, and is characterized by said lighting 
image formation optical system having the pupil of said projection optics, and the aperture diaphragm 
arranged optically in the location [****]. 

[Claim 9] The aligner characterized by having illumination-light study equipment given in claim 6 
thru/or any 1 term of 8, and the projection optics for carrying out projection exposure of the pattern of 
the mask set as said irradiated plane to up to a photosensitive substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable illumination-light study equipment for an 
aligner, a microscope, etc. for manufacturing especially a micro device at a lithography process about 
illumination-light study equipment equipped with the optical integrator and this optical integrator of a 
wavefront-splitting mold. 
[0002] 

[Description of the Prior Art] In the typical aligner for manufacturing micro devices, such as a 
semiconductor device, an image sensor, a liquid crystal display component, and the thin film magnetic 
head, the flux of light injected from the light source carries out incidence to a micro fly eye, and forms 
the secondary light source which becomes an after that side focal plane from much light sources. After 
the flux of light from the secondary light source is restricted through the aperture diaphragm arranged 
near the backside [ a micro fly eye ] focal plane, incidence of it is carried out to a condenser lens. 
[0003] The flux of light condensed by the condenser lens illuminates in superposition the mask with 
which the predetermined pattern was formed. Image formation of the light which penetrated the pattern 
of a mask is carried out on a photosensitive substrate through projection optics. In this way, on a 
photosensitive substrate, projection exposure (imprint) of the mask pattern is carried out. In addition, it 
is indispensable to integrate highly the pattern formed in a mask and to imprint this detailed pattern 
correctly on a photosensitive substrate to acquire uniform illumination distribution on a photosensitive 
substrate. 

[0004] In addition, a micro fly eye is the optical integrator of the wavefront-splitting mold which 
consists of a microlens of a large number arranged densely and in all directions. Generally, a micro fly 
eye is constituted by performing etching processing to for example, an parallel flat-surface glass plate, 
and forming a microlens group. Here, each microlens which constitutes a micro fly eye is minuter than 
each lens element which constitutes a fly eye lens. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the case of the aligner for imprinting 
a detailed pattern on a photosensitive substrate, it is indispensable to acquire uniform illumination 
distribution on a mask and a photosensitive substrate. Therefore, in order to reduce illuminance 
unevenness, to enlarge the number of the microlenses which constitute a micro fly eye, i.e., to enlarge 
the number of wavefront splitting, is desired. 

[0006] Moreover, in manufacturing a micro fly eye by etching etc., it is difficult to etch a glass plate 
deeply, and easy to manufacture the way which makes size of each microlens small. However, when 
size of each microlens is only made small, there is un-arranging [ that a surrounding illuminance falls in 
the plane of incidence and the radiation field optically formed in an irradiated plane /****/ by the 
diffraction limitation to the plane of incidence of each microlens ]. 

[0007] This invention is made in view of the above-mentioned technical problem, and even if it makes 
size of each microlens small and sets up the number of wavefront splitting greatly, it aims at offering 
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illumination-light study eqi^fent equipped with the optical integrator ^^this optical integrator of a 
wavefront-splitting mold of the radiation field formed which can cover the whole mostly and can 
acquire uniform illuminance distribution. 
[0008] 

[Means for Solving the Problem] In order to solve said technical problem, in the 1st invention of this 
invention In the optical integrator of the wavefront-splitting mold which has the microlens of a large 
number arranged two-dimensional, carries out wavefront splitting of the incoming beams, and forms 
much light sources each microlens Have rectangle-like plane of incidence and a rectangle-like injection 
side, and the focal distance of each microlens is set to f. Set the die length of one side of the plane of 
incidence of each microlens to dl, and the die length of the side of another side of the plane of incidence 
of each microlens is set to d2. When setting the die length of the side corresponding to one side of said 
plane of incidence to Dl in the injection side of each microlens, setting the die length of the side 
corresponding to the side of another side of said plane of incidence to D2 in the injection side of each 
microlens and setting wavelength of said incoming beams to lambda, (dl/2) The optical integrator 
characterized by satisfying at least one side of the conditions of /(lambda- f) >=3.05 (d2/2) (D 2/2) / 
(lambda-f) >=3.05 is offered (D 1/2). 

[0009] According to the desirable mode of the 1st invention, the die length dl of one side of said plane 
of incidence is more substantially [ than the die length d2 of the side of another side of said plane of 
incidence ] large, and satisfies the conditions of /(D (dl/2) 1/2) (lambda-f) >=3.05. 
[0010] In the optical integrator of the wavefront-splitting mold which has the microlens of a large 
number arranged two-dimensional in the 2nd invention of this invention, carries out wavefront splitting 
of the incoming beams, and forms much light sources Each microlens has the injection side of the shape 
of rectangle-like plane of incidence and a circle configuration, or a forward hexagon. Set the focal 
distance of each microlens to f, and the die length of one side of the plane of incidence of each 
microlens is set to dl . When setting the die length of the side of another side of the plane of incidence of 
each microlens to d2, setting to D the diameter of circle circumscribed to the diameter of the injection 
side of the circle configuration of each microlens, or a forward hexagon-like injection side and setting 
wavelength of said incoming beams to lambda, (dl/2) The optical integrator characterized by satisfying 
at least one side of the conditions of /(lambda-f) >=3.05 (d2/2) (D/2) / (lambda-f) >=3.05 is offered 
(D/2). 

[001 1] According to the desirable mode of the 2nd invention, the die length dl of one side of said plane 
of incidence is more substantially [ than the die length d2 of the side of another side of said plane of 
incidence ] large, and satisfies the conditions of /(D (dl/2)/2) (lambda-f) >=3.05. 
[0012] In the optical integrator of the wavefront-splitting mold which has the microlens of a large 
number arranged two-dimensional in the 3rd invention of this invention, carries out wavefront splitting 
of the incoming beams, and forms much light sources The plane of incidence of the shape of a forward 
hexagon by which, as for each microlens, the circle configuration or diameter of d is inscribed in the 
circle of d by the diameter, And when a diameter has the forward hexagon-like injection side where the 
circle configuration or diameter of d is inscribed in the circle of d, sets the focal distance of each 
microlens to f and sets wavelength of said incoming beams to lambda, (d/2) The optical integrator 
characterized by satisfying the conditions of 2/(lambda-f) >=3.05 is offered. 

[0013] In the 4th invention of this invention, the illumination-light study equipment characterized by 
having the optical integrator of the 1st invention for forming much light sources based on the flux of 
light from the light source means and said light source means for supplying the flux of light - the 3rd 
invention and the light guide optical system for leading the flux of light from the light source of said 
large number to said irradiated plane is offered. 

[0014] According to the desirable mode of the 4th invention, said light guide optical system The 
capacitor optical system for condensing the flux of light from the light source of said large number, and 
forming a radiation field in superposition, It has the image formation optical system for forming the 
image of said radiation field in said irradiated plane based on the flux of light from said radiation field, 
and the aperture diaphragm for interrupting the unnecessary flux of light is prepared in the formation 
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id large number, and the location [ ****7optical almost ] into the 
optical path of said image formation optical system. 

[0015] In the illumination-light study equipment combined with the aligner equipped with the projection 
optics which forms the image of the pattern on the mask arranged at the irradiated plane on a 
photosensitive substrate in the 5th invention of this invention While forming much light sources based 
on the flux of light from a light source means to supply the flux of light, and said light source means An 
a large number flux of light superposition means to form the radiation field which is a field on the 
predetermined side where it was superimposed on the flux of light from the light source of these large 
number, Having the lighting image formation optical system which forms the image of said radiation 
field said mask top or near [ said ] the mask, said lighting image formation optical system offers the 
illumination-light study equipment characterized by having the pupil of said projection optics, and the 
aperture diaphragm arranged optically in the location [ **** ]. 

[0016] In the 6th invention of this invention, the aligner characterized by having the illumination-light 
study equipment of the 4th invention or the 5th invention and the projection optics for carrying out 
projection exposure of the pattern of the mask set as said irradiated plane to up to a photosensitive 
substrate is offered. 
[0017] 

[Embodiment of the Invention] First, as shown in drawin g 1 , the case where both the plane of incidence 
and injection sides of each microlens that constitute an optical integrator are formed in the shape of [ of 
the same magnitude ] a forward hexagon is considered. In this case, in plane of incidence and the 
radiation field optically formed in an irradiated plane [ **** ], a surrounding illuminance falls by the 
diffraction limitation to the plane of incidence of each microlens. When set to d the diameter of circle 
circumscribed to forward hexagon-like plane of incidence and a injection side, numerical aperture of 
each microlens is set to NA, the focal distance of each microlens is set to f and wavelength of incoming 
beams is set to lambda, the width of face b of the circumference part on the plane of incidence which 
contributes to the fall of the illuminance resulting from a diffraction limitation is expressed with the 
following formula (a). 
b=0.61, =0.61, andlambda/{(d/2) If) (a) 

[0018] In order [ of the radiation field formed in an irradiated plane ] to cover the whole mostly and to 
acquire uniform illumination distribution, it is desirable for the above-mentioned width of face b to be 
smaller than 1/10 of the sizes d of plane of incidence, i.e., for the following conditional expression (b) to 
be satisfied 

0.61- {lambda/(d/2)/f} <=d/10(b) 

Deformation of conditional expression (b) obtains the relation shown in the following conditional 

expression (1). 

(d/2) 2/(lambda-f) >=3.05 (1) 

[0019] Moreover, in order [ of a radiation field ] to cover the whole mostly and to acquire still more 
uniform illumination distribution, it is still more desirable for the above-mentioned width of face b to be 
smaller than 1/100 of the sizes d of plane of incidence, i.e., for the following conditional expression (c) 
to be satisfied. 

0.61- {lambda/(d/2)/f} <=d/100 (c) 

Deformation of conditional expression (c) obtains the relation shown in the following conditional 

expression (T). 

(d/2) 2/(lambda-f) >=30.5 (1') 

As mentioned above, although the case of the shape of a forward hexagon of the magnitude with both 
the same plane of incidence and injection sides of an optical integrator was explained, the same is said 
of the case of the circle configuration of the magnitude with both the same plane of incidence and 
injection sides. 

[0020] Next, as shown in drawin g 2 , the case where the plane of incidence of each microlens which 
constitutes an optical integrator is formed in the shape of a rectangle, and the injection side is formed in 
the shape of a forward hexagon is considered. In this case, set the die length of the long side of 
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rectangle-like plane of incidence to dl, and the die length of the shorter sufe of rectangle-like plane of 
incidence is set to d2. When set to D the diameter of circle circumscribed to a forward hexagon-like 
injection side, numerical aperture of each microlens is set to NA, the focal distance of each microlens is 
set to f and wavelength of incoming beams is set to lambda, the width of face b of the circumference 
part on the plane of incidence which contributes to the fall of the illuminance resulting from a diffraction 
limitation is expressed with the following formula (d). 
b=0.61andlambda/{(D/2) If) (d) 

[0021] In order [ of the radiation field formed in an irradiated plane ] to cover the whole mostly and to 
acquire uniform illumination distribution, it is desirable to satisfy that the above-mentioned width of 
face b is smaller than 1/10 of the sizes dl of the direction of a long side of plane of incidence, or smaller 
than 1/10 of the sizes d2 of the direction of a shorter side (e), i.e., the following conditional expression, 
or(f). 

0.61 and lambda/{(D/2) If) <=dl/10 (e) 
0.61 and lambda/ {(D/2) /f} <=d2/10 (f) 

[0022] Deformation of conditional expression (e) and (f) obtains the relation shown in the following 
conditional expression (2) and (3). 
(dl/2) /(lambda-f) >=3.05 (D/2) (2) 
(d2/2) /(lambda-f) >=3.05 (D/2) (3) 

[0023] Moreover, in order [ of a radiation field ] to cover the whole mostly and to acquire still more 
uniform illumination distribution, it is still more desirable to satisfy that the above-mentioned width of 
face b is smaller than 1/100 of the sizes dl of the direction of a long side of plane of incidence, or 
smaller than 1/100 of the sizes d2 of the direction of a shorter side (g), i.e., the following conditional 
expression, or (h). 

0.61 and lambda/{(D/2) /f} <=dl/100 (g) 
0.61 and lambda/{(D/2) If) <=d2/100 (h) 

[0024] Deformation of conditional expression (g) and (h) obtains following conditional expression (2 f ) 

and (3 f ) the shown relation. 

(dl/2) /(lambda-f) >=30.5 (D/2) (2 ? ) 

(d2/2) /(lambda-f) >=30.5 (D/2) (3') 

[0025] In addition, when a injection side is a perfect forward hexagon, the ratio of the die length dl of 
the long side of rectangle-like plane of incidence and the die length d2 of a shorter side needs to fill the 
relation shown in the following formula (i). 
dl:d2=3:root (3)/2 or - 1.5:root (3) (i) 

Here, root (3) expresses the square root of 3. By the way, it is necessary to set the configuration of the 
plane of incidence of an optical integrator as the configuration of a lighting field (radiation field) and 
similarity which should be formed on an irradiated plane. Therefore, in fact, plane of incidence will be 
set up in the shape of [ necessary ] a rectangle, and the configuration of a injection side will be set up in 
the shape of [ near a forward hexagon ] a hexagon according to the configuration of the plane of 
incidence. As mentioned above, although the case where the injection side of an optical integrator was a 
forward hexagon-like was explained, it is also the same as when a injection side is a circle configuration. 
In addition, it is desirable that they are a light source configuration and a similar configuration, and 
when it is a source of a lamp light, the shape of an approximate circle configuration or a forward 
hexagon is effective [ the injection side of an optical integrator ]. 

[0026] Next, as shown in drawin g 3 , the case where both the plane of incidence and injection sides of 
each microlens that constitute an optical integrator are formed in the shape of a rectangle is considered. 
In this case, set the die length of the long side of rectangle-like plane of incidence to dl, and the die 
length of the shorter side of rectangle-like plane of incidence is set to d2. Die length which met in the 
direction corresponding to the direction of a long side of plane of incidence in the rectangle-like 
injection side is set to Dl . When set to D2 die length which met in the direction corresponding to the 
direction of a shorter side of plane of incidence in the rectangle-like injection side, numerical aperture of 
each microlens is set to NA, the focal distance of each microlens is set to f and wavelength of incoming 
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e width of face b2 which met in the width of face t 



beams is set to lambda, The width of face b2 which met in the width of face bl and the direction of a 
shorter side which met in the direction of a long side of the circumference part on the plane of incidence 
which contributes to the fall of the illuminance resulting from a diffraction limitation is expressed with 
the following formula (j) and (k). 
bl=0.61andlambda/{(D 1/2) If) (j) 
b2=0.61andlambda/{(D 2/2) If) (k) 

[0027] In order [ of the radiation field formed in an irradiated plane ] to cover the whole mostly and to 
acquire uniform illumination distribution, it is desirable to satisfy that the above-mentioned width of 
face bl is smaller than 1/10 of the sizes dl of the direction of a long side of plane of incidence, or the 
above-mentioned width of face b2 is smaller than 1/10 of the sizes d2 of the direction of a shorter side of 
plane of incidence (m), i.e., the following conditional expression, or (n). 
0.61 and lambda/{(D 1/2) If) <=dl/10 (m) 
0.61 and lambda/{(D 2/2) If) <=d2/10 (n) 

[0028] Deformation of conditional expression (m) and (n) obtains the relation shown in the following 
conditional expression (4) and (5). 
(dl/2) /(lambda-f) >=3.05 (D 1/2) (4) 
(d2/2) /(lambda-f) >=3.05 (D 2/2) (5) 

[0029] Moreover, in order [ of a radiation field ] to cover the whole mostly and to acquire still more 
uniform illumination distribution, it is still more desirable to satisfy that the above-mentioned width of 
face bl is smaller than 1/100 of the sizes dl of the direction of a long side of plane of incidence, or the 
above-mentioned width of face b2 is smaller than 1/100 of the sizes d2 of the direction of a shorter side 
of plane of incidence (p), i.e., the following conditional expression, or (q). 
0.61 and lambda/{(D 1/2) If) <=dl/100 (p) 
0.61 and lambda/{(D 2/2) /f} <=d2/100 (q) 

[0030] Deformation of conditional expression (p) and (q) obtains following conditional expression (4') 

and (5') the shown relation. 

(dl/2) /(lambda-f) >=30.5 (D 1/2) (4 f ) 

(d2/2) /(lambda-f) >=30.5 (D 2/2) (5') 

[0031] Finally, as shown in drawing 4 , the case where both the plane of incidence and injection sides of 
each microlens of each microlens that constitute an optical integrator are formed in the shape of [ of the 
same magnitude ] a rectangle is considered. In this case, set the die length of the long side of rectangle- 
like plane of incidence and a injection side to dl, and the die length of the shorter side of rectangle-like 
plane of incidence and a injection side is set to d2. When setting numerical aperture of each microlens to 
NA, setting the focal distance of each microlens to f and setting wavelength of incoming beams to 
lambda, the width of face b which met in the direction of a long side of the circumference part on the 
plane of incidence which contributes to the fall of the illuminance resulting from a diffraction limitation 
is expressed with the following formula (r). 
b=0.61andlambda/{(dl/2) If) (r) 

[0032] In order [ of the radiation field formed in an irradiated plane ] to cover the whole mostly and to 
acquire uniform illumination distribution, it is desirable to satisfy that the above-mentioned width of 
face b is smaller than 1/10 of the sizes dl of the direction of a long side of plane of incidence, or smaller 
than 1/10 of the sizes d2 of the direction of a shorter side (s), i.e., the following conditional expression, 
or(t). 

0.61 and lambda/ {(dl/2) If) <=dl/10 (s) 
0.61 and lambda/ {(d2/2) If) <=d2/10 (t) 

[0033] Deformation of conditional expression (s) and (t) obtains the relation shown in the following 
conditional expression (6) and (7). 
(dl/2) 2/(lambda-f) >=3.05 (6) 
(d2/2) 2/(lambda-f) >=3.05 (7) 

[0034] Moreover, in order [ of a radiation field ] to cover the whole mostly and to acquire still more 
uniform illumination distribution, it is still more desirable to satisfy that the above-mentioned width of 
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3^^ie sizes dl of the direction of a long sid^^p 



face b is smaller than 1/100 o"nhe sizes dl of the direction of a long sideof plane of incidence, or 
smaller than 1/100 of the sizes d2 of the direction of a shorter side (u), i.e., the following conditional 
expression, or (v). 

0.61 and lambda/ {(d 1/2) /f} <=dl/100 (u) 
0.61 and lambda/ {(d2/2) /f} <=d2/100 (v) 

[0035] Deformation of conditional expression (u) and (v) obtains following conditional expression (&) 
and (7') the shown relation. 
(dl/2) 2/(lambda-f) >=30.5 (6') 
(d2/2) 2/(lambda-f) >=30.5 (7') 

[0036] The operation gestalt of this invention is explained based on an accompanying drawing. Drawin g 
5 is drawing showing roughly the configuration of the illumination-light study equipment concerning the 
1st operation gestalt of this invention. Drawing 6 is drawing showing roughly the configuration of the 
microscope of the epi-illumination mold equipped with the illumination-light study equipment of 
drawing 5 . Drawin g 7 is drawing showing roughly the configuration of the microscope of the 
transmitted illumination mold equipped with the illumination-light study equipment of drawin g 5 . With 
the 1st operation gestalt, this invention is applied to the illumination-light study equipment of a 
microscope. 

[0037] If drawing 5 is referred to, the illumination- light study equipment of the 1st operation gestalt is 
equipped with the halogen lamp 10 as the light source for supplying the illumination light. The flux of 
light from a halogen lamp 10 turns into the parallel flux of light mostly through a collimate lens 11, and 
carries out incidence to the micro fly eye 12 as an optical integrator of a wavefront-splitting mold. As 
the micro fly eye 12 is shown in drawing 1 and drawing 5 , it is the optical element which consists of a 
microlens which has the forward refractive power of a large number arranged densely in all directions, 
and both the plane of incidence and injection sides of each microlens are formed in the shape of [ of the 
same magnitude ] a forward hexagon (size d). The micro fly eye 12 is constituted by performing etching 
processing to for example, an parallel flat-surface glass plate, and forming a microlens group. 
[0038] Therefore, the flux of light which carried out incidence to the micro fly eye 12 is divided by 
many microlenses two-dimensional, and the substantial surface light source (henceforth the "secondary 
light source") which consists of much light sources is formed in an after that side focal plane. It is 
condensed through a condenser lens 14 and the flux of light from the secondary light source formed in 
the backside [ the micro fly eye 12 ] focal plane forms a radiation field in an after that side focal plane, 
after being restricted by the aperture diaphragm 13 arranged in the near. The field diaphragm 15 is 
arranged in the formation location (namely, backside [ a condenser lens 14 ] focal plane) of this 
radiation field. Thus, a collimate lens 11, the micro fly eye 12, and a condenser lens 14 constitute an a 
large number flux of light superposition means to form the radiation field which is a field on the 
predetermined side where it was superimposed on the flux of light from the light source of these large 
number while forming much light sources based on the flux of light from the light source 10. 
[0039] The flux of light from the radiation field which passed the field diaphragm 15 illuminates the 
body side (sample side) 1 7 which should be observed through the image formation optical system 1 6. 
Here, the field diaphragm 15 and the body side 17 as an irradiated plane are optically arranged through 
the image formation optical system 16 conjugate. Therefore, on the body side 17, the lighting field as an 
image (namely, image of a radiation field) of opening of a field diaphragm 1 5 is formed. In addition, the 
aperture diaphragm 1 8 for interrupting the unnecessary light used as causes, such as a flare, near the 
pupil surface of the image formation optical system 16 is arranged. Although the fundamental engine 
performance of illumination-light study equipment will be satisfied here if either of the aperture 
diaphragms 13 and 18 is arranged, for suppressing generating of a flare etc. good, it is desirable to 
arrange both aperture diaphragms 13 and 18. Moreover, as for aperture diaphragms 13 and 18, it is 
desirable to have adjustable opening. 

[0040] If drawing 6 is referred to, under the microscope of the epi-illumination mold with which the 
illumination-light study equipment of the 1 st operation gestalt was incorporated, the flux of light from 
the radiation field formed in the location of a field diaphragm 1 5 will carry out incidence to a beam 
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splitter 61 through front len^rbup 16a of the image formation optical system 16. The flux of light 
reflected by the beam splitter 61 carries out epi-illumination of the body side through back lens group 
16b of the image formation optical system 16. Incidence of the reflected light from a body side is carried 
out to a beam splitter 61 through the 1st objective lens 62 (namely, back lens group 16b of the image 
formation optical system 16). The light which penetrated the beam splitter 61 forms the observation 
body image 64 through the 2nd objective lens 63. Expansion observation of this observation body image 
64 is carried out through an ocular 65. 

[0041 ] On the other hand, if drawing 7 is referred to, under the microscope of the transmitted 
illumination mold with which the illumination-light study equipment of the 1st operation gestalt was 
incorporated, the flux of light from the radiation field formed in the location of a field diaphragm 15 will 
illuminate a body side from a lower part through the image formation optical system 16. The light which 
penetrated the body side forms the observation body image 64 through the 1st objective lens 62 and the 
2nd objective lens 63. Expansion observation of this observation body image 64 is carried out through 
an ocular 65. In addition, illustration of an aperture diaphragm 18 is omitted in drawing 6 and drawin g 
7 . 

[0042] The micro fly eye 12 consists of 1st operation gestalten so that above-mentioned conditional 
expression (1) may be satisfied, therefore, the width of face of the circumference part to which an 
illuminance falls [ in / as a result / the radiation field formed in the location of a field diaphragm 1 5 ] in 
the lighting field (radiation field) formed in the body side 17 which is an irradiated plane — small — 
stopping — the — the whole can be covered mostly and uniform illumination distribution can be 
acquired, moreover, the width of face of the circumference part to which an illuminance will fall if it 
constitutes so that the micro fly eye 12 may satisfy conditional expression (1') — further — small — 
stopping ~ the — the whole can be covered mostly and still more uniform illumination distribution can 
be acquired. 

[0043] Drawing 8 is drawing showing roughly the configuration of the aligner equipped with the 
illumination-light study equipment concerning the 2nd operation gestalt of this invention. With the 2nd 
operation gestalt, this invention is applied to the aligner for manufacturing a liquid crystal display 
component, using an extra-high pressure mercury lamp as the light source. If drawin g 8 is referred to, 
the equipment of the 2nd operation gestalt is equipped with the light source 20 which consists of an 
extra-high pressure mercury lamp which supplies the light containing the bright line of i line. The light 
source 20 is positioned in the 1st focal location of the ellipse mirror 21 which has an ellipse reflector 
symmetrical with rotation about an optical axis AX. Therefore, the illumination-light bundle injected 
from the light source 20 forms a light source image in the 2nd focal location of the ellipse mirror 21 . 
[0044] After the emission flux of light from the light source image formed in the 2nd focal location of 
the ellipse mirror 2 is mostly changed into the parallel flux of light by the collimate lens 22, incidence of 
it is carried out to the optical integrator 23 of a wavefront-splitting mold through a wavelength selection 
filter (un-illustrating). With a wavelength selection filter, only the light (365nm) of i line is chosen as an 
exposure light. In addition, with a wavelength selection filter, the light of the light of g line (436nm), h 
line (405nm), and i line can also be chosen as coincidence, for example, the light of g line and the light 
of h line can also be chosen as coincidence, and the light of h line and the light of i line can also be 
chosen as coincidence. 

[0045] As shown in drawing 8 , plane-parallel-plate 23c which has predetermined thickness is made to 
intervene between 1st microlens group 23a by the side of incidence, and 2nd microlens group 23b by the 
side of injection, and these consist of optical integrators 23 in one. Here, 1st microlens group 23a by the 
side of incidence consists of a microlens which has the forward refractive power of the shape of a 
rectangle of a large number arranged densely in all directions (dlxd2), as shown in drawin g 2 (a). 
Moreover, 2nd microlens group 23b by the side of injection consists of a microlens which has the 
forward refractive power of the shape of a forward hexagon of a large number arranged densely in all 
directions (size D), as shown in drawin g 2 (b). And 1st microlens group 23a by the side of incidence and 
2nd microlens group 23b by the side of injection are formed by the mold method so that the 
corresponding optical axis of each microlens may be strictly in agreement. 
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[0046] In this case, the micro!ens which constitutes the optical integrators^ consists of the 2nd one 
microlens corresponding to the 1st microlens concerned among the 1st one microlens in 1st microlens 
group 23a by the side of incidence, and 2nd microlens group 23b by the side of injection. And the focal 
distance of the microlens which constitutes the optical integrator 23 is a synthetic focal distance of the 
1st above-mentioned microlens and the 2nd microlens. In addition, plane-parallel-plate 23c which has 
predetermined thickness can be made to be able to intervene between 1st microlens group 23a by the 
side of incidence, and 2nd microlens group 23b by the side of injection, and these can also be joined 
with adhesives etc. About the still more detailed configuration of the optical integrator 23, the 
indications (for example, drawing 6 , drawing 7 , etc.) of JP,8-31736,A can be referred to. 
[0047] In this way, the secondary light source which consists of much light sources is formed in a 
backside [ the optical integrator 23 ] focal plane. After the flux of light from the secondary light source 
is restricted by the aperture diaphragm 24 arranged near the backside [ the optical integrator 23 ] focal 
plane, incidence of it is carried out to a condenser lens 25. In addition, an aperture diaphragm 24 is 
optically arranged with the entrance pupil side of the projection optics PL mentioned later in a location 
[****] (location of a lighting pupil), and has opening for specifying the range of the secondary light 
source which contributes to lighting. Moreover, the aperture diaphragm 24 is arranged in the before [ a 
condenser lens 25 ] side focal plane. 

[0048] Therefore, the flux of light condensed through the condenser lens 25 illuminates in superposition 
the lighting field diaphragm 26 for specifying the lighting field (lighting visual field) of the mask M 
mentioned later. The flux of light which passed opening of the shape of a rectangle of the lighting field 
diaphragm 26 illuminates in superposition the mask M with which the predetermined imprint pattern 
was formed through the image formation optical system 27. In this way, on Mask M, the lighting field of 
the shape of a rectangle [ **** / the image of opening of the lighting field diaphragm 26, i.e., the cross- 
section configuration of the 1st microlens of the optical integrator 23, ] is formed. In addition, the 
aperture diaphragm 28 for interrupting the unnecessary light used as causes, such as a flare, near the 
pupil surface (it being [ the entrance pupil side of projection optics PL and ] a location [ **** ] 
optically) of the image formation optical system 27 is arranged. 

[0049] Mask M is held on the movable mask stage (un-illustrating) two-dimensional along the mask 
side. The position coordinate of a mask stage is constituted so that it may be measured by the 
interferometer (un-illustrating) and position control may be carried out. The flux of light which 
penetrated the pattern of Mask M forms the image of a mask pattern through projection optics PL on the 
plate P which is a photosensitive substrate. Plate P is held on the movable plate stage (un-illustrating) 
two-dimensional along the plate side. The position coordinate of a plate stage is constituted so that it 
may be measured by the interferometer (un-illustrating) and position control may be carried out. 
[0050] In this way, the pattern of Mask M is serially exposed by each exposure field of Plate P by 
performing one-shot exposure or scanning exposure, carrying out drive control of the plate P two- 
dimensional into the flat surface which intersects perpendicularly with the optical axis of projection 
optics PL. In one-shot exposure, a mask pattern is exposed in package to each exposure field of Plate P 
according to the so-called step-and-repeat method. On the other hand by scanning exposure, so-called 
step - and - scanning method are followed. It meets in the direction (the scanning direction) which 
corresponds in the direction of a shorter side of the plane of incidence of the shape of a rectangle of the 
optical integrator 23 (namely, the direction of a shorter side of the lighting field of the shape of a 
rectangle formed on Mask M) optically. By performing scanning exposure, the pattern of Mask M is 
serially exposed by each exposure field of Plate P, making Mask M and Plate P displaced relatively to 
projection optics PL. 

[005 1 ] The optical integrator 23 consists of 2nd operation gestalten so that one [ at least ] conditional 
expression may be satisfied above-mentioned conditional expression (2) and among (3). therefore, the 
mask M top which is an irradiated plane — as a result, the width of face of the circumference part to 
which an illuminance falls in the lighting field (exposure field) formed on Plate P — small — stopping — 
the — the whole can be covered mostly and uniform illumination distribution can be acquired, moreover, 
the optical integrator 23 — conditional expression (2 1 ) — and (3') the width of face of the circumference 
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part to which an illuminance will fall if it constitutes so that one [ at leastTconditional expression may 
be satisfied inside — further - small - stopping — the — the whole can be covered mostly and still more 
uniform illumination distribution can be acquired. 

[0052] By the way, when performing scanning exposure in the 2nd operation gestalt, since the 
illumination distribution which met in the scanning direction (direction which corresponds in the 
direction of a shorter side of the plane of incidence of the shape of a rectangle of the optical integrator 
23 optically) is graduated according to an operation of scanning exposure, it is desirable [ illumination 
distribution ] to satisfy the conditional expression (2) which met in the direction of a long side of the 
plane of incidence of the shape of a rectangle of the optical integrator 23 two conditional expression (2) 
and among (3). Similarly, when performing scanning exposure in the 2nd operation gestalt, it is still 
more desirable to satisfy conditional expression (2'). 

[0053] In addition, with the 2nd operation gestalt, 1st microlens group 23 a by the side of incidence 
consists of a microlens of the shape of much rectangle, and 2nd microlens group 23b by the side of 
injection consists of microlenses of the shape of much forward hexagon. However, as shown in drawing 
3 , while constituting 1st microlens group 23 a by the side of incidence from a microlens of the shape of 
much rectangle (dlxd2), the modification which constitutes 2nd microlens group 23b by the side of 
injection from a microlens of the shape of much rectangle (DlxD2) is also possible, above-mentioned 
conditional expression (4') with desirable in the case of this modification satisfying one [ at least ] 
conditional expression above-mentioned conditional expression (4) and among (5) ~ as for and (5 f ), it is 
still more desirable to satisfy one [ at least ] conditional expression inside. And when performing 
scanning exposure in a modification, it is desirable to satisfy the conditional expression (4) which met in 
the direction of a long side of rectangle-like plane of incidence, and it is still more desirable to satisfy 
conditional expression (4 f ). 

[0054] Drawing 9 is drawing showing roughly the configuration of the aligner equipped with the 
illumination-light study equipment concerning the 3rd operation gestalt of this invention. With the 3rd 
operation gestalt, this invention is applied to the aligner for manufacturing a semiconductor device using 
an excimer laser. If drawin g 9 is referred to, the equipment of the 3rd operation gestalt is equipped with 
the excimer laser which supplies wavelength (248nm (KrF) or 193nm (ArF)) of light as the light source 
30 for supplying exposure light (illumination light). Mostly, after being orthopedically operated by the 
flux of light which was injected from the light source 30 and which has the cross section of the shape of 
a predetermined rectangle through a beam expander (un-illustrating), incidence of the parallel flux of 
light is carried out to the micro fly eye 3 1 . 

[0055] The micro fly eye 3 1 consists of square-like microlenses which have the forward refractive 
power of a large number arranged densely in all directions. In this way, much light sources are formed in 
a backside [ the micro fly eye 31 ] focal plane. Incidence of the flux of light from the light source of a 
large number formed in the backside [ the micro fly eye 3 1 ] focal plane is carried out to the optical 
integrator 33 of a wavefront-splitting mold through the 1st condenser lens 32. The optical integrator 33 
consists of 1st micro fly eye 33a arranged at the incidence side, and 2nd micro fly eye 33b arranged at 
the injection side, as shown in drawing 9 . 

[0056] Here, 1 st micro fly eye 33a by the side of incidence and 2nd micro fly eye 33b by the side of 
injection consist of a microlens which has the forward refractive power of the shape of a rectangle of a 
large number arranged densely in all directions, as shown in drawin g 4 . And it is formed in the shape of 
[ of the magnitude with same 1st microlens which constitutes 1st micro fly eye 33a by the side of 
incidence and 2nd microlens which constitutes 2nd micro fly eye 33b by the side of injection ] a 
rectangle (dlxd2). Furthermore, alignment of 1st micro fly eye 33a and the 2nd micro fly eye 33b is 
carried out so that the optical axis of each 1st microlens and the corresponding optical axis of each 2nd 
microlens may be strictly in agreement. 

[0057] In this case, the microlens which constitutes the optical integrator 33 consists of the 1st microlens 
which constitutes 1 st micro fly eye 33a by the side of incidence, and the 2nd microlens which 
constitutes 2nd micro fly eye 33b by the side of injection. And the focal distance of the microlens which 
constitutes the optical integrator 33 is a synthetic focal distance of the 1st above-mentioned microlens 
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and the 2nd microlens. In addition, it is desirable to arrange cover glass to an incidence [ of the optical 
integrator 33 ] and injection side. Moreover, you may constitute so that the radius of curvature of the 1st 
microlens which constitutes 1st micro fly eye 33a, and the 2nd microlens which constitutes 2nd micro 
fly eye 33b may be changed a little, and a before [ the microlens which constitutes the optical integrator 
33 ] side focal location may be made in agreement with the plane of incidence of 1st micro fly eye 33a 
and it may become the injection side space of 2nd micro fly eye 33b about a backside focal location. In 
this case, there is an advantage in a quantity of light- viewpoint and the viewpoint of laser-proof nature. 
[0058] In this way, the secondary light source which consists of much light sources is formed in a 
backside [ the optical integrator 33 ] focal plane. After the flux of light from the secondary light source 
is restricted by the aperture diaphragm 34 arranged near the backside [ the optical integrator 33 ] focal 
plane, incidence of it is carried out to the 2nd condenser lens 35. The flux of light condensed through the 
2nd condenser lens 35 passes opening of the shape of a rectangle of the lighting field diaphragm 36, and 
illuminates Mask M in superposition through the image formation optical system 37. In this way, on 
Mask M, the lighting field of the shape of a rectangle [****/ the cross-section configuration of each 
microlens of the optical integrator 33 ] is formed. The aperture diaphragm 38 for interrupting the 
unnecessary light used as causes, such as a flare, near the pupil surface of the image formation optical 
system 37 is arranged. 

[0059] Mask M is held on the movable mask stage (un-illustrating) two-dimensional along the mask 
side. The position coordinate of a mask stage is constituted so that it may be measured by the 
interferometer (un-illustrating) and position control may be carried out. The flux of light which 
penetrated the pattern of Mask M forms the image of a mask pattern through projection optics PL on the 
wafer W which is a photosensitive substrate. Wafer W is held on the movable wafer stage (un- 
illustrating) two-dimensional along the wafer side. The position coordinate of a wafer stage is 
constituted so that it may be measured by the interferometer (un-illustrating) and position control may 
be carried out. 

[0060] In this way, the pattern of Mask M is serially exposed by each exposure field of Wafer W by 
performing one-shot exposure or scanning exposure, carrying out drive control of the wafer W two- 
dimensional into the flat surface which intersects perpendicularly with the optical axis of projection 
optics PL. In one-shot exposure, a mask pattern is exposed in package to each exposure field of Wafer 
W according to the so-called step-and-repeat method. On the other hand, in scanning exposure, the 
pattern of Mask M is serially exposed by each exposure field of Wafer W by performing scanning 
exposure along the direction (the scanning direction) which corresponds in the direction of a shorter side 
of the plane of incidence of the shape of a rectangle of the optical integrator 33 optically according to 
so-called step - and - scanning method, making Mask M and Wafer W displaced relatively to projection 
optics PL. 

[0061] The optical integrator 33 consists of 3rd operation gestalten so that one [ at least ] conditional 
expression may be satisfied above-mentioned conditional expression (6) and among (7). therefore, the 
mask M top which is an irradiated plane — as a result, the width of face of the circumference part to 
which an illuminance falls in the lighting field (exposure field) formed on Wafer W — small — stopping - 
- the — the whole can be covered mostly and uniform illumination distribution can be acquired, 
moreover, the optical integrator 33 — conditional expression (6 1 ) — and (7') the width of face of the 
circumference part to which an illuminance will fall if it constitutes so that one [ at least ] conditional 
expression may be satisfied inside — further — small — stopping — the — the whole can be covered 
mostly and still more uniform illumination distribution can be acquired. 

[0062] By the way, when performing scanning exposure in the 3rd operation gestalt, since the 
illumination distribution which met in the scanning direction (direction which corresponds in the 
direction of a shorter side of the plane of incidence of the shape of a rectangle of the optical integrator 
33 optically) is graduated according to an operation of scanning exposure, it is desirable [ illumination 
distribution ] to satisfy the conditional expression (6) which met in the direction of a long side of the 
plane of incidence of the shape of a rectangle of the optical integrator 23 two conditional expression (6) 
and among (7). Similarly, when performing scanning exposure in the 3rd operation gestalt, it is still 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/18/2005 



onaitional expression (6 ! ). 



Page 1 1 of 1 1 



more desirable to satisfy conditional expression (6 ! ). 
[0063] By the way, in the scanning exposure using the pulse oscillation light source, it is desirable like 
the 3rd operation gestalt for the phase contrast between the illumination light of two adjoining 
microlenses of the arbitration in the optical integrator 33 to change at random for every pulse. If 
numerical aperture of incoming beams is set to NA2 and size which met in the scanning direction of a 
microlens is set to d2 as shown in drawing J„0 , since the coherence field in plane of incidence is 
lambda/NA 2, it will be illuminated in the group of the phase contrast from which only d2 / (lambda/NA 
2) individual differs. It is required for this group to be ten or more pieces at least, i.e., to satisfy the 
following conditional expression (8). Furthermore, it is still more desirable for the lower limit of 
conditional expression (8) to be more than a pulse number (usually 30-50). 
10<d2/(lambda/NA 2) (8) 

[0064] In addition, with each above-mentioned operation gestalt, although this invention is applied to 
the illumination-light study equipment of a microscope or an aligner, this invention can be applied to 
other common illumination-light study equipments, without being limited to this. 

[0065] Moreover, the flux of light from the circumference part to which the illuminance is falling in the 
radiation field formed in a backside [ condenser lenses 25 and 35 ] focal plane may be interrupted by 
aperture diaphragms 24 and 34, and it is not necessary to interrupt with the above-mentioned 2nd 
operation gestalt and the above-mentioned 3rd operation gestalt. Since the width of face of the 
circumference part to which an illuminance falls according to this invention is small stopped when 
interrupting the flux of light from a circumference part, the quantity of light loss in aperture diaphragms 
24 and 34 can be suppressed small. 
[0066] 

[Effect of the Invention] the radiation field formed even if it makes size of each microlens small and sets 
up the number of wavefront splitting greatly in the optical integrator of this invention, as explained 
above — the whole can be covered mostly and uniform illumination distribution can be acquired. 
Therefore, with the illumination-light study equipment incorporating the optical integrator of this 
invention, the whole can be covered mostly and an irradiated plane can be illuminated according to 
uniform illumination distribution. Furthermore, in the aligner incorporating the illumination-light study 
equipment of this invention, the whole can be covered mostly, a mask can be illuminated by uniform 
illumination distribution, and the detailed pattern of a mask can be imprinted good. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawin g 3] 
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[Drawin g 7] 
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[Dra wing 8] 
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